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ABSTRACT I Impacts of sediments and heavy metals on the 
biota of streams in the copper-mining district of southwestern 
Montana were examined by comparing aquatic communities 
of impacted streams with those of control streams. Control 
streams were chosen through the use of a technique that 
identifies similar streams based on similarities in their wa-

It is assumed that the quality of a stream site depends 
on the conditions at the site and in the watershed of that 
site (Likens and Bormann 1974, Hynes 1975). It is also 
assumed that the survival of a few trout in a reach, 
without adequate consideration of what that stream 
might be like if it were relatively unimpacted, provides 
an inadequate means to evaluate the ecological integrity 
of the stream (Warren 1971}. Ecological integrity is here 
defined as the ecological conditions found in relatively 
unimpacted, typical reaches of typical streams in large, 
homogeneous, aquatic ecosystem regions (ecoregions). A 
relatively unimpacted stream was one having its 
watershed largely vegetated by the mature potential 
natural vegetation (Kuchler 1964) characteristic of the 
area, no major point or diffuse sources of pollution, and 
no major channel modifications. An unimpacted stream 
site was one with extensive, mature riparian forest, 
heterogeneous channel morphology and substrate, abun­
dant cover, clear, odorless water, and no local distur­
bances from roads, livestock, or human refuse. Typical 
streams and reaches are defined as those draining 
watersheds that are composed entirely of the predomi­
nant land-surface form (Hammond 1964 ), climate, soil, 
potential natural vegetation, and land use of that region 
(Karr and Dudley 1981, Hughes and others 1982). 

The impacted streams studied, Prickly Pear Creek 

KEY WORDS: Control streams; Watershed classolication; Regional pal­
terns; Ecological integrity; Water quahly; Physical hab­
itat 

"Present address: Northrop Services, Inc., 200 SW 35th Street, Coo·al­
lis, OR 97333, USA. 

Environmental Management Vol. 9. No. 3, pp. 253-262 

tershed characteristics. Significant differences between im­
pacted and control sites existed lor surface substrate, riparian 
vegetation, and the number of macroinvertebrate taxa. These 
results revealed that: (a) chemical and physical habitats at the 
impacted sites were disrupted, (b) the presence of trout was 
an inadequate measure of ecological integrity lor these sites. 
and (c) watershed classification based on a combination of 
mapped terrestrial characteristics provided a reasonable 
method to select control sites where potential control sites up­
stream and downstream were unsuitable. 

and Silver Bow River, are located in southwestern 
Montana (Figure 1 ); each stream receives sediments and 
leachates from tailings of old copper, silver, gold, zinc, 
and lead mines. Preliminary bioassays by T. Miller 
(personal communication, USEPA-Las Vegas) had 
shown that rainbow trout (Salmo gairdneri) from both 
streams had survived concentrations of zinc that exceeded 
US Environmental Protection Agency criteria (USEPA 
1980a and b), implying that those criteria were not 
suitable at these or comparable sites. However, the 
relative numbers and biomasses of fish and macroinverte­
brate species in Prickly Pear Creek and Silver Bow River 
had not been compared with those in similar streams that 
were not impacted by metal mining activities. Also the 
USEPA's water quality standards regulation (Sabock 
1983) requires only that water quality criteria be based 
on use designations that are consistent with the "protec­
tion and propagation of fish, shellfish, and wildlife and 
recreation in and on the water." There is no requirement 
for protecting minimum numbers and types of species, 
nor minimum numbers and biomasscs of key or sensitive 
species. This means that water quality standards 
designed to protect a sucker fishery or a productive or 
unproductive trout fishery may satisfy the USEPA 
equally well, regardless of the potential biota of that 
stream. 

Consequently the objectives of the research herein 
described were: (a) to demonstrate a watershed classifica­
tion approach that estimates potential biotic and habitat 
conditions of a stream site by comparing it with relatively 
unimpacted sites on other streams that drain watersheds 
with the same natural characteristics as the impacted 
stream, and (b) to document changes in fish and aquatic 
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Figure 1. Locations or sampling sites. Sites A, II, I, and L are on larger streams west or the continental divide. East or the 
continental divide, sites B, E, G, and} are on larger streams and sites C, D, F, and K are on smaller streams. A, E. F. Rock Cr.; B, L. 
Prickly Pear Cr.; C, Bison Cr.-Shamrock Camp; D, Canyon Cr.; E, Boulder Cr.-Ladysmith Camp; F, Boulder Cr.-Thunderbolt 
Cr.; G, Bison Cr.-Boulder Rv.; H, L. Blackroot Rv.; /,Boulder Cr.-Max\·ille; j, Prickly Pear Cr.-Mont. City; K, Prickly Pear 
Cr.-Jeff. City; and L, Silverbow Rv. 

macroinvertebrate communities associated with metal­
mining activities, in spite of the existence of trout at the 
impacted sites. 

This watershed classification approach was based on 
Warren's (1979) rationale for watershed management 
and the designs for assessing watershed impacts on small 
streams of Hall and others ( 1978). Warren reasoned that 
the potential biota and their habitats at a stream site 
could be evaluated by comparing those conditions in 
several streams that drain watersheds with similar geolo­
gy, climate, and potentially dominant vegetation. The 
biota and habitats of the relatively unimpacted streams in 
a group of streams draining similar watersheds could 
then serve as empirical models for highly impacted 
streams. The number of such model streams would 
depend on the inherent variability of the biota and 
habitats in streams of the area and on the desired 
confidence limits. Hall and others stated that there are 
four basic designs for assessing impacts on small streams 
(intensive and extensive studies before and after impacts, 

and intensive and extensive studies after impacts). They 
found that no design was ideal, but that extensive studies 
after impacts were most useful. In this study, the exten­
sive postimpact design was chosen because of the histori­
cal nature of the problem (James 1980, Wood 1981 ), the 
intensive, postimpact toxicological studies already in 
progress at the sites, and an interest in providing a 
broader regional perspective for these streams. 

Methods 

A watershed classification approach was used to select 
control streams with watershed features comparable to 
those of Prickly Pear Creek and Silver Bow River. 
Comparable watersheds were selected by overlaying 
maps of potential natural vegetation, land-surface form, 
land use, soil moisture and temperature, and mean 
annual precipitation. All the watersheds were character­
ized by flat to rolling grazed grasslands ncar the streams, 
changing to low forested mountains with grazed ponde-
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rosa pine (Pinus ponderosa) at lower elevations and 
ungrazed Douglas fir (Pseudotsuga menziesii) at higher 
elevations. The soils were classified as cool and moist 
cryoboralfs and argiborolls (USDA Soil Conservation 
Service 1967) and the mean annual precipitation ranged 
from 40 to 50 em. Because those watershed features were 
similar to those of Prickly Pear Creek and Silver Bow 
River, it was assumed that they would provide streams 
that could be used to estimate the biotic and habitat 
conditions that existed in Prickly Pear and Silver Bow 
before their watersheds were extensively mined. 

Candidate streams were examined in August 1981 for 
access, number and size of mines, and stream morpholo­
gy. A chemically impacted site and a downstream recov­
ery site were selected on Prickly Pear Creek. Two sites 
similar in watershed area, discharge, and width to the 
Prickly Pear sites were selected on each of three compa­
rable, but relatively unimpacted, control streams. 
Because of fall rains and the resulting high flows, only 
one chemically impacted site on Silver Bow River and a 
single site on three comparable control streams were 
sampled. All 12 sites were selected so as to maximize the 
amount of woody plants along the streams and the 
substrate and pool size in the streams. Because of diffuse 
disturbances and incomparable sizes, no control sites 
could be found upstream of the chemically impacted sites 
on Prickly Pear Creek and Silver Bow River. 

All12 sites were sampled one time between 22 and 29 
September 1981. In each stream, a reach approximately 
100 m long containing at least one large pool and riffle 
was blocked off by nets and the entire area was sampled 
upstream twice with a battery-powered backpack d.c. 
electrofisher. The fish caught in each pass were kept 
separate and the population size of each species was 
estimated by the method described by Seber and Le Cren 
(1 967). Lengths of all individuals were measured and 
weights were estimated from length-weight values in 
Carlander (1 969 and 1977) and Finger (1 979). Species 
weight was calculated as the product of mean weight of 
the catch and N'. The biomass of the fish assemblage 
equaled the sum of the species weights divided by site 
area. It is recognized that such estimates based on 
literature values represent relative weights and bio­
masses, not actual values. The number of species (s) was 
recorded and equitability (E') and diversity (H') were 
calculated as E' ~ H'/log2 sand H' - - 2:f_ 1 p; log2 p; 
where Pi equals the proportion of species i in the entire 
sample. The sites were also compared on the basis of the 
relative proportions of salmonids and cottids in the fish 
assemblages. 

In the same reach, but before sampling fish, one 
qualitative macroinvertebrate sample was collected by 
kicking the riffle substrate in an area of approximately 

0.09 m2 upstream of a 400-~tm-mesh kick net for 1 min. 
The sample was preserved in formalin and later ana­
lyzed in the laboratory. The number of taxa, E, and H 
were determined as above, except some individuals could 
only be keyed to genus. 

Water samples from each site were passed through a 
0.45-~tm filter and refrigerated. In the laboratory, total 
hardness was determined by titration (USEPA 1979) 
and the levels of Cu and Zn were determined by atomic 
absorption on graphite and flame spectrophotometers, 
respectively (US EPA 1979). The geometric mean diame­
ter of the stream substrate was calculated from visual 
estimates of the percent boulder, cobble, gravel, and sand 
on the surface of the stream bed, and the amount of 
woody riparian vegetation immediately along the reach 
was estimated and noted as percent of reach length as 
described in Platts (1 979). Maximum velocities were 
measured with a mechanical current meter at the water 
surface at the heads of riffies. Watershed areas were 
estimated with a planimeter on 1:24,000 scale US Geo­
logical Survey topographic maps, mean annual runoff 
was estimated from isolines constructed from US Geolog­
ical Survey data, and mean annual discharges were 
calculated as the product of runoff and area. 

Food quality for macroinvertebrates was estimated 
from samples of aufwuchs (organisms living on sub­
strates) brushed from four cobbles and suctioned from 
the bottoms of four shallow pools. This material was 
returned to the laboratory, centrifuged, freeze dried, 
passed through a 250-~-tm sieve, and ground with a 
mortar and pestle. Three 1-ml aliquots were removed for 
Kjeldahl digestion of organic N, which was measured on 
an autoanalyzer and for organic C, which was measured 
on a CHN autoanalyzer. Values of C and N from the 
pools and riffies were averaged and a C/N ratio calcu­
lated for each site. 

Because of the importance of stream size and zoogeo­
graphic factors to fish (Gilbert 1980} the small upstream 
sites, the much larger downstream sites, and the sites on 
opposite sides of the continental divide were grouped 
separately. Then a one-tailed t-test was used to test for 
significantly higher values in environmental and commu­
nity attributes between the three replicate control sites 
and the impacted stream in each group. 

All 12 sites were examined· simultaneously when 
cluster analysis, principal components analysis, and 
reciprocal averaging were used to demonstrate the use­
fulness of the site selection approach for determining 
comparable sites. A clustering program (Matthews 
1981) and an ordination program, ORDIFLEX (Gauch 
1977), were employed to compare the similarity and 
differences among all the sites in the relative composition 
of their macroinvertebrate genera and fish species com-
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Table 1. Estimated density. biomass. and diversity of fish assemblages; numbers were estimated from two passes 
through a 100-m-long reach. 

No. of 
species and E' % Salmonids 

Set Stream No./m2 g/m2 families nos. H"' and cottids• 

a) Prickly Pear-jeff. City• 0.2 2.8 2 (2) 1.0 0.30 (1.17) 100 (100) 
Canyonb 0.7 9.5 3 (2) 0.46 0.32 (0.45) 100 (100) 
Bison-Shamrockb 0.8 16.1 4 (2) 0.45 0.25 (0.49) 100 (100) 
Boulder-Thunderboltb 0.6 17.5 3 (2) 0.67 0.31 (0.44) 100 (100} 

b) Prickly Pear-Mont. City• 0.1 12.5 5 (3) 0.73 0.54 (0.41) 78 (22) 
Bison-Boulder Rv.b 1.8 25.8 3 (2) 0.27 0.13 (0.33) 100 (100) 
Boulder-Ladysmith Cg.b 1.0 19.5 4 (2) 0.50 0.30 (0.55) 100 (100) 
L. Prickly Pearb 11.4 43.7 3 (2) 0.13 0.06 (0.40) 100 (100) 

c) Silver Bowa 0.0 0.0 0 (0) 0.00 0.00 (0.00) 00 (00) 
Boulder Cr.-Maxvilleb 0.01 0.5 2 (2) 0.80 0.24 (0.24) 100 (100) 
L. Blackfootb 0.5 13.9 5 (2) 0.30 0.21 (0.35) 100 (100) 
East Fork Rockb 0.6 15.9 3 (2) 0.40 0.19 (0.41) 100 (100) 

•Jmpacted site. 

bControl site. 

<values determined rrom numbers or individuals and biomass (in pa~ntheses). 

bined. Abundance values were normalized by log­
transformation because their distribution approached 
that of a logarithmic series. They were then double 
standardized by the method of Bray and Curtis ( 1957) to 
alleviate scale problems and the qualitative nature of the 
macroinvertebrate data. 

Reciprocal averaging and three options each of princi­
pal components analysis and dissimilarity were used; all 
gave consistent results. These analyses examined the 
relative location of sites in a taxon space using only the 
fish species and macroinvertebrate genera common to 
three or more sites ( 47% of the taxa). The centered option 
of principal components analysis and the simple average 
fusion strategy of the Bray-Curtis dissimilarity measure 
(Matthews 1981) were chosen for presentation. 

Results 

The proportion of species relatively intolerant to 
heavy metals and sediments, such as salmonids and 
cottids, was higher in the control sites than in Prickly 
Pear at Montana City, and no fish were collected at 
Silver Bow River (Table 1 and Appendix 1 ). No consis­
tent patterns between level of impact and H' or level of 
impact and E' based on fish numbers was shown. How­
ever, E' based on fish biomass was significantly lower 
(p < 0.05) in the impacted sites (Figure 2). Fewer fish 
species occurred in the impacted sites except for Prickly 
Pear at Montana City, where two species of suckers were 
present. The salmonid biomass was significantly higher 
than the impacted sites (p < 0.05) in all the control sites 
except Boulder Creek at Maxville (Figure 2). Similarly, 
the total biomass and number of fish were higher in the 

control sites except for Boulder Creek at Maxville (Table 
I) 

Macroinvertebrate densities and diversities (Table 2 
and Appendix 1) were significantly less (p < 0.05) in 
Prickly Pear Creek at Montana City and in Silver Bow 
River than at the control sites. However, their densities 
and diversities at Prickly Pear at Jefferson City and its 
control sites did not differ significantly. The similarity in 
diversity (H') between Prickly Pear at Jefferson City and 
Bison at Shamrock Camp resulted from the slightly 
lower equitability (E') of Bison Creek overriding its 
much higher number of taxa. The numbers of macroin­
vertebrate genera and families (Figure 2) were the only 
consistently significant differences (p < 0.05) in the 
structure of the macroinvertebrate assemblages between 
impacted and control sites. 

The acute (short-duration) toxicity of zinc and the 
acute and chronic (long-duration) toxicity of copper are 
functions of total hardness (USEPA 1980 a and b). Only 
Prickly Pear Creek at Jefferson City and Silver Bow 
River at Silver Bow contained zinc levels that ex­
ceeded national acute criteria (pg Zn/liter = 

ei0.83(1n hanlntsS) + 1.721). Chronic criteria (47 pg Zn/liter) 

were exceeded at Prickly Pear Creek a~ Montana City 
and Bison Creek at Boulder River (Table 3). Copper 
levels did not exceed national acute criteria (#lg Cu/liter = 

e1o 905 (In hanln..s) - 1.4131), but chronic criteria (pg Cu/liter = 

ei0.905 (In hardntsS) - 1.7851) were exceeded at Canyon Creek, 
Bison Creek at Shamrock Camp, and Silver Bow River. 
The C/N ratios were significantly higher (p < 0.05) in 
Prickly Pear at Montana City and significantly lower (p 
< 0.05) in Silverbow than in their respective control sites, 
but no significant differences occurred between Prickly 
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Figure 2. Values at impacted sites, means, and confidence 
intervals for six measures observed in three sets of four similar 
streams. Stream sets as in Tables 1-3; values based on one 
sample per site. Triangle apices represent values at impacted 
sites; dots and bars represent means and 95% confidence 
intervals, respectively, at control sites. 

Table 2. Total number of individuals and diversity of 
macroinvertebrate assemblages; numbers were 
estimated from one kick net sample in an area of 
0.09 m2. 

Stream No.jm2 E' H' 

a) Prickly Pear-Jeff. City• 176 0.72 1.90 
Canyonb 403 0.76 2.65 
Bison-Shamrock Campb 162 0.50 1.62 
Boulder-Thunderboltli 205 0.67 2.24 

b) Prickly Pear-Mont. Citya 11 0.85 1.17 
Bison-Boulder Rv.b 353 0.81 2.82 
Boulder-Lad)·smith Campb 436 0.77 2.72 
L. Prickly Pearb 1430 0.74 2.56 

c) Silver Bow• 20 0.43 0.59 
Boulder Cr.-Maxvilleb 268 0.85 2.84 
L. Blackfootb 192 0.75 2.43 
East Fork Rockb 1212 0.39 1.45 

•rmpact~d sit~. 

bControl sit~. 

Pear at Jefferson City and its control sites. Significant 
differences (p < 0.05) in substrate size and woody 
riparian vegetation existed among the three impacted sites 
and their control sites (Figure 2). 

The similarities and differences in the fish and 
macroinvcrtcbrate assemblages are depicted by principal 
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Figure 3. Similarity of samples plotted from their first three 
principal components. Site letters refer to the same sites as in 
Figure 1. Shaded sites (], K, and L) are the impacted sites. 
Axis 1 accounted for 47.5% of the variation and is most strongly 

·associated with increasing proportions of two fish, mottled 
sculpin (Cottus hairdi) a'nd rainbow trout (Salmo gairdneri); 
both species are relatively intolerant of heavy metals and 
sediment, which were high at Silver Bow. Axis 2 accounted for 
20.5'fo of the variation and is most strongly associated with 
increasing proportions of two mayflies (Ephemerella seratella 
and Rhithrogena), a case-making caddisfty (Glossosoma), and a 
riffle bettie (Heterlimnius); all four taxa are most commonly 
found on cobbles or gravel, which were limited at Montana 
City. Axis 3 accounted for only 7.5'fo of the variation and is 
associated with decreasing proportions of brook trout (Salue­
/inus fontinalis) and a net-spinning caddisfty (Arctopsychae ). 

component axes 1, 2, and 3 in Figure 3. All the control 
sites but Boulder Creek at Maxvillc (I) grouped fairly 
closely together on all three axes. However, the Silver 
Bow River (L) and both Prickly Pear Creek sites U and 
K) differed considerably from the control sites along axis 
1, 2, and 3, respectively. Comparable dissimilarity 
between control and impacted streams is demonstrated 
by the cluster analysis (Figure 4). The larger streams 
(East Fork Rock Creek, Little Blackfoot River, and 
Boulder Creek) show increasing· dissimilarity from the 
other control sites, but no more than that between the 
chemically impacted and recovery sites on Prickly Pear 
Creek. 

Discussion 

Single samples from the streams studied, though 
limited in reliability, arc thought to be valid assessments 
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Figure 4. Dissimilarity or samples as shown by cluster analy­
sis. Sites J, K, and L are the impacted sites. 

of the relative condition of the biota at that time. 
Gammon and Reidy ( 1981) have shown that, given 
proper ecological measures and a thorough sampling of 
available habitats, a single fish sample can usually rank 
comparable sites the same regardless of seasonal or 
annual variations. Although the rankings would be 
unlikely to change, periods of high runoff would likely 
produce greater differences between impacted and con­
trol sites because of the increased leaching of metals from 
the tailings along the impacted streams. 

Not surprisingly, the presence of trout at a site is 
insufficient evidence for establishing ecosystem health or 
for identifying satisfactory habitat. The quality of a 
salmonid fishery is increased by larger and more abun­
dant salmonids. All control sites but Boulder Creek at 
Maxville had significantly higher salmonid biomasscs 
than impacted sites. This, and the increase in relative 
abundance of suckers at Prickly Pear Creek ncar Mon­
tana City, indicated a reduction in the quality of the sport 
fishery at the impact sites. The abundance of macroin­
vertebrate taxa in comparison with other streams is also a 
more meaningful measure of integrity than the presence 
of trout. For example, numbers and proportions of 
macroinvertebrate genera and families indicated consid­
erable difference in community structure between the 
impacted and control sites. Such differences in commu­
nity structure and abundance of key species demonstrate 
the weakness of water quality standards that can be 

satisfied by the existence of a few trout in Prickly Pear 
Creek or any other stream. 

Although not all community measures showed signifi­
cant differences between impacted and control sites, there 
was evidence for communitywide degradation at Silver 
Bow River and both sites on Prickly Pear Creek. The 
cluster and principal components analyses of the taxa 
indicated that the composition of the fish and macroin­
vertcbrate assemblages between the impacted and control 
sites differed considerably (Figures 3 and 4). As in many 
field studies, it is difficult to separate the causes of the 
differences. Certainly zinc concentrations exceeded crite­
ria at Silver Bow and Prickly Pear at Jefferson City. But 
mean substrate size was significantly smaller and woody 
riparian vegetation was significantly less at both sites as a 
result of sand washed from the tailings piles, channel 
modifications for roads, and, at Prickly Pear Creek at 
Jefferson City, hydraulic gold mining. The changes in 
physical habitat may have been as important as toxic 
levels of metals in causing degradation of the stream 
biota. When physical and chemical habitat are degraded . 
by mining activities, as at Silver Bow and Prickly Pear at 
Jefferson City, mitigation of only one factor is unlikely to 
significantly improve the biota. 

The degraded physical habitat at Montana City, 
below the recovery zone on Prickly Pear Creek, and the 
absence of suitable upstream control sites exemplify the 
problem of depending on only intensive postimpact or 
upstream-downstream studies to document impacts of 
point sources. Such limited comparisons can be mislead­
ing whenever stream size changes considerably or when 
the entire stream section, including the site being studied, 
is degraded in ways other than the one being examined. 

Greater differences in topography and vegetation 
among watersheds of the larger streams in this study may 
account for the wider confidence intervals associated with 
the data sets for those larger streams (band c in Figure 2 
and streams A, H, and I in Figure 4). Nonetheless, 
cluster and principal components analyses indicate that 
the differences in the fish and macroinvertebrate assem­
blages among the nine control streams were less than 
those between the metal-impacted and recovery sites of 
Prickly Pear Creek. 

The relatively close grouping of the control streams 
demonstrates that those streams had relatively similar 
fish and macroinvertebrate assemblages when compared 
with the impacted sites (Figures 3 and 4). This is an 
encouraging result although it is based on limited data, 
because, if similar biotic communities occur in streams 
with similar habitats, if similar habitats occur in similar­
sized streams in similar watersheds, and if similar 
watersheds can be found and classified through the use of 
maps, then stream ecologists arc provided with a unified 
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Table 3. Environmental features of 12 stream sites. 

Watershed Peak 
Hardness Cu Zn area Runoff Discharge velocity 

Stream (mg/1 CaC03) (J.Ig/1) (J.Ig/1) C/N (km2) (cm/yr) (m3/yr) (cm/s) 

a) Prickly Pear-Jeff. City• 168 <5 850d 11 118 15 177 85 
Canyonb 120 10.5' 40 9 108 15 162 65 
Bison-Shamrock Camp.b 72 to.s< 20 12.5 97 15 146 85 
Boulder-Thunderbolt Cr.b 48 <5 <10 16.6 82 15 123 73 

b) Prickly Pear-Mont. City~ 168 <5 330< 50 190 15 285 119 
Bison-Boulder Rv.b 48 <5 630< 14.3 136 15 204 95 
Boulder-Ladysmith Camp.b 72 <5 <10 11 169 15 254 97 
L. Prickly Pearb 240 <5 <10 II 265 12 318 77 

c) Silver Bow• 936 so< 1700d 7.7 204 15 306 87 
Boulder Cr.-Maxvilleb 96 <5 20 16.6 93 23 214 104 
L. Blackfootb 96 <5 20 16.6 97 20 194 83 
East Fork Rockb 216 <5 20 12.5 110 20 220 106 

'Impacted site. 

bControl site. 

'Exceeds national chronic criterion (US Environmental Protection Agency 1980a and b). 

dExceeds national acute criterion (US Environmental Protection Agency t980b). 

empirical and theoretical framework that is potentially 
more powerful than the stream continuum concept (Van­
note and others 1980) for organizing their knowledge. 

There are several ways of classifying stream systems 
to provide a regional perspective. As reviewed by 
Hawkes (1975), most stream classifications are based on 
similarities in stream habitat, fauna, or both, with no 
consideration of the watershed. Such classifications, like 
that suggested by Pennak ( 1971 ), required large amounts 
of data that are difficult to synthesize into meaningful 
classes of stream ecosystems because of the inherent 
spatial and temporal variability of randomly colleeted 
field data. Another popular approach is to classify 
streams on the basis of a stream continuum or stream size 
(Vannote and others 1978), with stream order (Strahler 
1957) being used as an estimate of size. Hughes and 
Omernik (1983), however, logically and empirically 
demonstrated that watershed area and discharge arc 
more accurate measures than stream order of stream size, 
and Minshall and others (1983) emphasized the neces­
sity of embedding the stream continuum in a macroenvi­
ronmental framework. This was done to some degree by 
Platts (1974, 1978, and 1979) and Pflieger (1971 and 
1981 ), who related the distribution and abundance of fish 
species and habitat features to watershed geomorphology 
and stream size. 

A possible alternative is to identify similar streams 
using a watershed classification based on available maps 
of several factors believed to determine the major charac­
teristics of aquatic ecosystems, such as climate, surficial 
geology, land-surface form, land use, soil, and potential 
natural vegetation. It is assumed in this approach that 
similar watersheds produce similar streams, that these 

watersheds occur in definable ecological regions and that 
these ecoregions can be determined most reliably by 
examining several regional characteristics rather than 
one or two. Such ecoregions facilitate perception of 
patterns of similarities and differences in watershed 
characteristics, and therefore in the potential ecological 
conditions of streams. 

In turn, patterns made evident by ecoregions facilitate 
(a) an understanding of general land-water relationships 
within different parts of an ecoregion, (b) development of 
regional water quality criteria versus an unworkable 
number of site-specific criteria or weak or inflexible 
national criteria, (c) the sdection of control streams, 
demonstration sites or field models that are representa­
tive of many other ecosystems in an ecoregion, (d) 
rational extrapolation from previous site-specific studies, 
(e) the prediction of typical and potential conditions of 
aquatic ecosystems, and (f) the prediction of the results of 
changing land use or pollution levels. 

Conclusions 

The typical upstream-downstream or intensive post­
impact approach for assessing iinpacts on a stream is of 
little use where the entire stream is heavily impacted by 
other point or diffuse sources of pollution, channel 
modifications, or removal of riparian forests, or where 
the impacted and potential control sites differ considera­
bly in Aow or morphology for natural reasons. In such 
cases, it is useful for managers of aquatic ecosystems to be 
able to estimate potential ecological conditions and 
attainable uses from a regional perspective using regional 
control sites. 
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In western Montana, a regional perspective facilitated 
selection of control sites on several streams based on 
similarities in the watershed characteristics and sizes of 
the control and impacted streams. This allowed selection 
of less-impacted control sites than those found elsewhere 
on the impacted streams, and these control sites allowed 
the estimation of the potential habitat and biotic condi­
tions in the impacted sites if they were unaffected by 
mining activities. 

Acknowledgments 

George Holton and Loren Bahls provided valuable 
information on the biota of !\fontana streams. Barry 
Reid, Jack O'Donnell, and Jim Giattina willingly 
helped with the sampling. Phil Larsen, Jim Giattina, 
Gary Chapman, Clarence Callahan, Don Erman, Paul 
Hendrix, and Fred Brenner suggested many improve­
ments on the manuscript, and discussions with Jim 
Omernik and Mostafa Shirazi provided much of the lgoic 
behind the site selection approach. Financial support was 
provided by the USEPA (grant R806391 to James R. 
Karr). 

Literature Cited 

Bray, J. R., and J. T. Curtis. 1957. An ordination of the 
upland forest communities of southern Wisconsin. Eco/. 
Monogr. 27:325-349. 

Carlander, K. D. 1969. Handbook of freshwater fishery biolo­
gy, \'Ol. 1. Iowa State University Press, Ames. 752 pp. 

Carlander, K. D. 1977. Handbook of freshwater fishery biolo­
gy, vol. 2. Iowa State University Press, Ames. 431 pp. 

Finger, T. R. 1979. Patterns of interactive segregation in three 
species of sculpins (Coitus) in western Oregon. PhD thesis, 
Oregon State University, Corvallis. 126 pp. 

Gammon, J. R., andJ. M. Reidy. 1981. The role of tributaries 
during an episode of low dissolved oxygen in the Wabash 
River, Indiana. Pages 396-407 in L.A. Krumholz (ed.), The 
warmwater streams symposium. American Fisheries Society, 
Bethesda, MD. 

Gauch, H. G. 1977. ORDIFLEX-a flexible computer pro­
gram for four ordination techniques: weighted averages, 
polar ordination, principal components analysis, and recip­
rocal averaging. Release B. Cornell University, Ithaca, NY. 

Gilbert, C. R. 1980. Zoogeographic factors in relation to 
biological monitoring of fish. Pages 309-355 in C. H. Hocutt 
and J. R. Stauffer, Jr. (eds.), Biological monitoring of fish. 
D. C. Heath and Co., Lexington, MA. 

Hall,J. D., M. L. Murphy,and R. S. Aho. 1978. An improved 
design for assessing impacts of watershed practices on small 
streams. Verh. Internal. Verein. Lim no/. 20:1359-1365. 

Hammond, E. H. 1964. Classes of land-surface form in the 
forty-eight states, U.S.A. Annals Assoc. Am. Geog. 54. Map 
suppl. no. 4, map scale 1:5,000,000. 

Hawkes, H. A. 1975. River zonation and classification. Pages 
312-374 in B. A. Whitton (ed.), River ecology. University of 
California Press, Berkeley. 

Hughes, R. M., J. H. Gakstatter, M.A. Shirazi, and J. M. 
Omernik. 1982. An approach for determining biological 
integrity in flowing waters. Pages 877-888 in T. B. Brann, 
L. 0. House IV, and H. G. Lund (eds.), In-place resource 
inventories: principles and practices. Society of American 
Foresters, Bethesda, MD. 

Hughes, R. M., and J. M. Omernik. 1983. An alternative for 
characterizing stream size. Pages 87-101 in T. D. Fontaine 
lll and S. M. Bartell (eds.), Dynamics of )otic ecosystems. 
Ann Arbor Science, Ann Arbor, MI. 

Hynes, H. B. N. 1975. The stream and its valley. Verh. 
Internal. Verin. Limnol. 19:1-15. 

James, R. A. 1980. A review of water quality data from Sih·er 
Bow Creek and Clark Fork River. Montana Department of 
Health and Environmental Sciences, Helena. 58 pp. 

Karr, J. R., and D. R. Dudley. 1981. Ecological perspective on 
water quality goals. Environ. Manage. 5:55-68. 

Kuchler, A. W. 1964. Potential natural vegetation of the 
conterminous United States. Am. Geog. Soc. Spec. Publ. 36. 
116 pp. Map scale 1:3,168,000. 

Likens, G. E., and F. H. Bormann. 1974. Linkages between 
terrestrial and aquatic ecosystems. Bioscience 24:447-456. 
Matthews, W. I. 1981. PDP 11/70 cluster user's guide. US 
Environmental Protection Agency, Corvallis, OR. 111 pp. 

Minshall, G. W., R. C. Petersen, K. W. Cummins, T. L. Boll, 
J. R. Sedell, C. E. Cushing, and R. L. Vannote. 1983. 
lnterbiome comparison of stream ecosystem dynamics. Ecol. 
ll.lonogr. 53:1-25. 

Pennak, R. W. 1971. Toward a classification of )otic habitats. 
llydrobiologia 38:321-334. 

Pflieger, W. L. 1971. A distributional study of Missouri fishes. 
Uniu. Kansas Pub/. Mus. Nat. Hist. 20:225-570. 

Pflieger, W. L. 1981. Techniques for the classification of 
stream habitats, with examples of their application in 
defining the stream habitats of Missouri. Pages 362-368 in 
N. B. Armantrout (ed.), Acquisition and utilization of 
aquatic habitat inventory information. American Fisheries 
Society, Bethesda, MD. 

Platts, W. S. 1974. Geomorphic and aquatic conditions 
influencing salmonids and stream classification: with appli­
cation to ecosystem classification. USDA For. Serv. 
lntermtn. For. and Range Exp. Stn., Boise, ID. 200 pp. 

Platts, W. S. 1978. Method for including the fishery in land use 
planning. USDA For. Serv. lntermtn. For. and Range Exp. 
Stn., Boise, ID. 76 pp. 

Platts, W. S. 1 979. Including the fishery system in land 
planning. USDA Forest Service lntermtn. For. and Range 
Exp. Stn., Ogden, UT. Gen. tech. rep. INT-60. 37 pp. 

Sabock, D. K. 1983. Environmental Protection Agency water 
quality standards regulation. Federal Register 48:51400-
51413. 

Seber, G. A. F., and E. D. Le Cren. 1967. Estimating 
population parameters from catches large relative to the 
population.]. Anim. Ecol. 36:631-643. 

Strahler, A. N. 1957. Quantitative analysis of watershed 
geomorphology. Trans. Am. Geophys. Union 39:913-920. 



Watershed Characteristics to Select Control Streams 261 

USDA Soil Conservation Service. 1967. Distribution of princi­
pal kinds of soils: orders, suborders, and great groups. Map 
scale 1:7,500,000. US Department of Agriculture, Washing­
ton, DC. 

US Environmental Protection Agency. 1979. Methods of chem­
ical analysis of water and wastes. Environmental Monitoring 
and Support Laboratory, Cincinnati. 460 pp. 

US Environmental Protection Agency. 1980a. Ambient water 
quality criteria for copper. National Technical Information 
Service. Springfield, VA. EPA-440/5-80-036. 162 pp. 

US Environmental Protection Agency. 1980b. Ambient water 
quality criteria for zinc. National Technical Information 
Service, Springfield, VA. EPA-440/5-80-079. 158 pp. 

Vannote, R. L., G. W. Minshall, K. W. Cummins,]. R. Sedell, 
and C. E. Cushing. 1980. The river continuum concept. Can. 
]. Fish. Aquat. Sci. 37:130-137. 

Warren, C. E. 1971. Biology and water pollution control. 
W. B. Saunders, Philadelphia. 434 pp. 

Warren, C. E. 1979. Toward classification and rationale for 
watershed management and stream protection. US Environ­
mental Protection Agency, Corvallis, OR. EPA-600/3-79-
059. 142 pp. 

Wood, C. (cd.) 1981. Prickly Pear Creek: a report on man's 
debilitating impacts. Montana Department of Health and 
Environmental Sciences, Helena. 157 pp. 

Appendix. Taxa collected in one sample from 12 southwestern Montana stream sites; macroinvertebrates are given 
as no./m2 and fish as no./m2 and g/m2 in italics,*= <0.005/m2

• 

Taxon 

Dugesia 
Nematomorpha 
Hirudinea 
Lumbricidae 
Naididae 
Annelida sp. 4 
Ameletus 
Baetis 
Cinygmula 
Epeorus deeeptius 
E. grandis 
Epeorus sp. 3 
Ephemerella coloradensis 
E.doddsi 
E.drunnella 
E. serratella 
E. spinirera 
Hcptagenia 
Paraleptophlebi~ 
Rhithrogena 
Alloperla 
Arcynopteryx 
Brachyptera 
Calineuria 
Hespc:roperla 
Pc:rlodidae sp. 
Pteronareella 
Pteronarcys caliromica 
Skwala 
Zapada cinctipes 
Zapada sp. 2 
Apatania 
Arctopsyche 
Brachycentrus 
Dolophilodes 
Ecelisomyia 
Glossosoma 
Halesocl1ila 
H ydropsyche 
Hydroptila 
Lepidostoma quercina 
L. unicolor 
Lepidostoma sp. 3 
Limnephilidae sp. I 
Limnephilidae sp. 2 
Mic:rasema 

l'ridcly 
Par Bison- Boulder-

jeff. City Canyon Shamrock Thunderboh 

10 

58 
49 

21 

18 

4 
6 

2 
I 

21 
I 

53 
5 

3 
2 

I 
52 

3 
39 

12 

68 

2 

2 

8 
I 
s 

2 

s 

69 

2 

4 

I 
s 
8 
s 

2 

5 
3 
6 

12 

2 

6 

Pridcly 
Par­

Montana 
City 

6 

Bison- Boulder­
Boulder Ladysmith 

16 

I 
2 

s 
16 

2 
19 
34 
3 

14 

20 

8 

s 
20 

3 

60 

I 
2 

63 

4 
18 

5 
2 

26 
64 
3 

18 

s 

2 

3 
7 

17 

4 

52 
6 

2 

67 

L. Prickly Sihou Boulder 
Pear Bow Cr. 

10 

146 

II 

2 

81 
182 

4 

18 
3 
3 

14 
190 

126 

95 

300 

10 

33 

II 

40 
4 
3 

34 
s 

12 

9 
6 

3 

12 

16 

3 

L. E.F. 
Blaekr001 Roek 

3 
2 

2 

I 
3 

10 

3 
10 
2 

I 
3 

19 

8 

1 
2 

8 

4 

I 
2 

48 

2 
t 

9 
5 

2 

8 
27 

828 

22 
87 

3 

2 
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Appendix (continued). 

Prickly 
Prickly Pear-

Pear Bison- Boulder- Montana Bison- Boulder- L. Prickly Silver Boulder L. E.F. 
Taxon Jeff. City Canyon Shamrock Thunderboh City Boulder Ladysmilh Pear Bow Cr. Blackroot Rock 

Neothremma 2 

O=tis 8 2 
Para psyche 8 
Rhyacophila acropclcs 22 3 8 2 
R. sibiria 24 2 
Rhyacophila sp. 3 9 
Dytiscidae 2 
Haliplidae I 

Hcterlimnius 2 2 4 9 5 6 10 19 12 

Lara 
Optioservus 10 I 5 10 12 3 

Zaitzevia 2 

Antocha 6 I 2 57 7 

llexatoma sp. I 2 19 17 2 5 3 7 

Hexaloma sp. 2 7 

Tipulasp. I 4 I 2 

Tipulasp. 2 3 5 
Tipula sp. 3 16 

Pcricoma sp. I 10 7 97 72 66 5 
Pericoma sp. 2 4 8 6 5 
D=ia 2 

Simulium 49 3 44 

Cricotopus 20 6 25 

Otthocladiinae sp. I 10 4 10 16 17 8 
Otthocladiinae sp. 2 7 2 2 2 

Otthocladiinae sp. 3 2 
Onhocladiinae sp. 4 5 14 3 4 

Otthocladiinae sp. 5 · I 2 6 
Rheotanytarsus 7 5 

Tanypodinae sp. 1 
Tanytarsus 2 

Biuacomorpha 2 
Atherix 7 4 

Glutops 5 
Hcmerodromia 
Empididae sp. 3 
Limnophora 2 

Bulminidae sp. I I 

Lymnaea 37 s 
Physa 39 

Pisidium 13 50 

Planorbidae sp. 1 4 

Salmodarki • 0.03 0.032.0 

S. gairdneri 0.04 1.4 0.093.6 0.032.2 0.01 1.2 0.04 2.4 0.05 2.1 0.043.8 
S.trulla •o.oz 0.02 7.1 • 0.4 0.010.5 

Salvelinus rontinalis 0.05 1.5 0.011.2 . 0.3 0.096.1 0.010.6 0.063.8 • . 2 
Prosopium williamson! 0.012.4 • 0.8 0.025.9 0.011.6 

Catostomus catostomus 0.015.8 
Catostomus commersoni • 0.7 

Conus bairdi 0.04 0.2 0.302.3 0.445.0 0.334.4 0.040.6 0.66 7.0 0.413.5 1.29 17.0 
Conus cognathus 0.010.1 0.29 1.8 0.305.5 


